###### Strengths and limitations of this study

-   A greater number of potentially eligible articles were screened and included in the review.

-   Absence of evident publication bias and low-to-moderate risk of methodological bias increase the reliability of our findings.

-   Heterogeneity in the definitions of frailty and hypertension across studies.

-   Cross-sectional design of most studies included in the review which limits the opportunity of generating hypotheses regarding a causal link between the conditions of interest.

Introduction {#s1}
============

Frailty is a condition characterised by the accumulation of biological deficits and dysfunctions which occurs with age and impairs the homeostatic balance of organisms.[@R1] Frailty confers extreme vulnerability to stressors and increases the risk of negative health outcomes, including mortality, disability, poor quality of life, hospitalisation and institutionalisation.[@R2] This condition has a high prevalence, ranging from 8% to 16% in community-dwelling older adults.[@R3] Frailty has been shown to be correlated with morbidity and mortality in persons suffering from cardiovascular disease, and it was suggested that the recognition of frailty status can help physicians in establishing prognosis, determining procedural risks and guiding treatments.[@R5] In some cases, the assessment of frailty may be critical in guiding the patient towards a certain therapeutic choice.[@R6]

Several studies have assessed the association of frailty with hypertension. In older adults, it has been suggested that frailty can explain the paradoxical relationship between lower blood pressure (BP) and increased mortality documented in several studies.[@R7] For example, data from the National Health and Nutrition Examination Survey demonstrated an effect modification of hypertension according to frailty level in terms of walking speed[@R11]; in fit persons, elevated BP was associated with greater mortality, while in frail participants higher BP was associated with lower mortality risk. The SPRINT trial showed that compared with standard BP control intensive control reduces the incidence of cardiovascular events both in frail and non-frail persons, but this study did not show any effects of intensive BP control on risk of frailty-related outcomes, such as gait speed and mobility limitation.[@R12] Notably, the hypertension clinical practice guidelines released in 2017 precisely point out that BP-lowering therapy is one of the few interventions shown to reduce mortality risk in frail older individuals.[@R14]

Assessing the association of frailty and hypertension may be the first step for understanding their complex interplay and might ultimately lead to optimise the treatment of hypertension and to set therapeutic goals in persons with frailty. However, the evidence on the association between these conditions has never been comprehensively summarised. The aim of the present study is to systematically review the literature and provide pooled estimations of evidence regarding the association of frailty and hypertension.

Methods {#s2}
=======

We reviewed studies providing information on the association between frailty and hypertension in adult persons (ie, 18 years or older), regardless of the study setting, study design or definition of hypertension and frailty. The protocol of the present study was registered in the international prospective register of systematic reviews (registration number CRD42017058303). This systematic review was carried out in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses recommendations.

Data sources and searching {#s2a}
--------------------------

We searched three databases for relevant articles published from 1 January 2002 to 26 October 2017: (1) PubMed electronic database of the National Library of Medicine, (2) Web of Science and (3) Embase. The detailed search queries are reported in the online [supplementary appendix](#SP1){ref-type="supplementary-material"}. References from the selected papers and from other relevant articles were screened for potential additional studies.
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Study selection and data extraction {#s2b}
-----------------------------------

Two assessors independently screened the title and abstract of the selected studies. The inclusion criteria were (1) articles reporting information on the association of frailty with hypertension or BP values; (2) articles in English or another European language; and (3) study design: cross-sectional, case--control or cohort studies. Articles were excluded if they (1) did not investigate the aims of the review; (2) included persons younger than 18 years; (3) did not report original data (eg, editorial, review or congress abstract);  (4) did not provide an explicit definition of frailty; (5) if frailty was assessed only with a single symptom/measure (eg, only gait speed or grip strength) and (6) were not in English or another European language. The full text of the articles selected by one or both of the assessors was retrieved for full evaluation. Two assessors read the full texts and independently extracted the information from the selected studies. A third assessor reviewed the data extraction, and any disagreement was resolved through consensus. Articles that were written in another European language than English were sent for translation by a native speaker who conducted the data extraction.

Assessment of risk of bias {#s2c}
--------------------------

Quality of the studies was evaluated independently by the two assessors with the qualitative evaluation of observational studies Newcastle Ottawa Scale (NOS). Any disagreement in quality assessment was resolved through consensus. Studies scoring \>7 were considered at low risk of bias, scores of 5--7 indicated moderate risk of bias and scores of \<5 indicated high risk of bias.

Statistical analysis {#s2d}
--------------------

For each measure of interest (ie, proportions and association estimates), a meta-analysis was performed if at least three studies used the same definition of frailty and a dichotomous definition of hypertension (rather than using continuous BP values). Considering the observational design of the retrieved studies, and the methodological differences potentially responsible for a significant share of the variance within the measures of interest, the pooled estimates were obtained through random-effect models and Mantel-Haenszel weighting. Lack of homogeneity within the pooled studies was tested through the I2 statistics (significant if ≥50%). Additional analyses were performed selecting (1) studies with NOS ≥5 in order to exclude studies with high risk of methodological bias and (2) studies with a sample size ≥500 participants. Publication bias was assessed by mean of the Egger's and the Begg's tests. All statistical analyses were performed using the metan and metaprop packages included in STATA V.14.0. Metan was used to provide pooled estimations of the association between frailty and hypertension, Metaprop was used to provide pooled measures of prevalence of frailty and hypertension.[@R15] A p value \<0.05 was considered statistically significant for all analyses.

Patient and public involvement {#s2e}
------------------------------

Patients and public were not involved in this study.

Results {#s3}
=======

Through the literature search, we retrieved 1369 articles ([figure 1](#F1){ref-type="fig"}). An additional eight articles were identified after reading references from the selected papers. Out of 1369 articles, 670 (48.9%) were screened after duplicates removal. Of these, 604 were excluded after screening and 34 after full-text reading. Thirty-two articles were part of the final qualitative and/or quantitative assessment[@R17] (see table e1 in the online [supplementary appendix](#SP1){ref-type="supplementary-material"}).
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Study description {#s3a}
-----------------

The studies' sample size ranged from 56 to 144 403 participants, with a mean age ranging from 60 to 81 years. Only four studies had a longitudinal design.[@R17] Most studies included community-dwelling participants, and only three studies included in-hospital participants.[@R43] Most of the studies were carried out in Asia (n=10), Europe (n=9) and South America (n=9), and fewer in North America (n=4).

### Frailty and hypertension definitions {#s3a1}

Most of the studies (n=23) defined frailty according to the Cardiovascular Health Study (CHS) criteria.[@R17] The rest of the studies evaluated frailty based on a frailty index (n=6),[@R20] by a composite score (n=3)[@R31] or using the Clinical Frailty Scale (n=1).[@R48] One study assessed frailty adopting both CHS criteria and Frailty Index (FI).[@R38]

In the longitudinal studies, frailty incidence ranged from 3% to 16%, in cross-sectional studies, and frailty prevalence ranged from 3% to 68%. A diagnosis of hypertension was reported in 28 studies,[@R17] while three studies analysed BP as a continuous variable[@R24] and one classified BP in four groups.[@R40] Diagnosis of hypertension was based on a BP cut-point in 12 studies,[@R17] assessed only by self-reported in 5 studies,[@R21] based on evaluation of medical records in 1 study[@R35] and on pharmacological treatment in 1 study.[@R21] In nine studies, hypertension diagnosis was not defined.[@R19] Prevalence of hypertension ranged from 28% to 100%.

### Assessment of risk of bias {#s3a2}

The majority of the studies presented a moderate risk of bias (n=25), and six studies presented a high risk, according to the NOS. In most of the cases, the self-reported nature of information was responsible for a lower score. However, according to the Egger's and the Begg's tests, no strong evidence of publication bias was detected in our meta-analyses (p=0.150 and 0.987, respectively).

Association between hypertension and frailty {#s3b}
--------------------------------------------

### Longitudinal studies {#s3b1}

Four longitudinal studies examined the risk of incidence of frailty according to baseline hypertension status. Two studies found that baseline hypertension did not significantly predict incidence of frailty,[@R17] but Boullion *et al* found that hypertension was associated with an increased incidence of the combined outcome prefrailty/frailty (p=0.009).[@R18] However, data from this study were not adjusted for possible confounders. Similarly, Castrejon Perez *et al* [@R19] found that hypertension was associated with incident frailty at univariate analysis (HR 2.11, 95% CI 1.03 to 4.31), but this association was not confirmed in the multivariate analysis (HR 1.58, 95% CI 0.83 to 3.01).

### Cross-sectional studies {#s3b2}

Twenty-three studies assessed the cross-sectional association between frailty and hypertension.[@R21] Results were very different across studies, with 13 studies reporting a significantly higher prevalence of frailty in hypertensive participants^(22,26--28,31,32,33,34,36,37,39,44,45^ and 10 finding no significant association.[@R21]

Seventeen of these studies assessed frailty by the use of CHS criteria, for a total sample of 23 304 individuals.[@R21] Analysing data from these studies, the pooled prevalence of hypertension in frail individuals was 72% (95% CI 66% to 79%; I^2^=93.1%; [figure 2](#F2){ref-type="fig"}) and the pooled prevalence of frailty in individuals with hypertension was 14% (95% CI 12% to 17%; I^2^=96.2%; [figure 3](#F3){ref-type="fig"}). When the analyses were limited to 13 studies enrolling participants with a mean age ≥70 years,[@R21] the pooled prevalence of hypertension in frail individuals was 71% (95% CI 62% to 80%; I^2^=95.4%) and the pooled prevalence of frailty in individuals with hypertension was 14% (95% CI 11% to 17%; I^2^=97.0%).
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![Proportion of participants presenting with frailty among those with hypertension. Frailty was defined according to the Cardiovascular Health Study criteria.](bmjopen-2018-024406f03){#F3}

Three studies assessed BP as a continuous variable, finding conflicting results: one study showed significantly higher systolic BP (SBP) and diastolic BP (DBP) values in frail participants,[@R24] while in two other studies frailty was associated with significantly lower BP values.[@R38] A small study including only participants receiving pharmacological treatment for hypertension showed an inverse association between BP levels and frailty.[@R23] Finally, a large study performed in \>140 000 community-dwelling older adults aged ≥80 years classified SBP in five groups, showing that frailty was associated with lower SBP.[@R40]

Among studies adopting the CHS definition of frailty and a dichotomous definition of hypertension, five reported estimates (ORs) for the association between frailty and hypertension, for a total sample of 7656 individuals.[@R29] All five studies enrolled a sample with a mean age ≥70 years. The pooled estimate for the association of frailty and hypertension based on these studies was 1.33 (95% CI 0.94 to 1.89; I^2^=79.2%; [figure 4](#F4){ref-type="fig"}). These results were confirmed when only studies with NOS ≥5 (OR 1.39; 95% CI 0.70 to 2.75; I^2^=88.1%) or studies with a sample size ≥500 participants (OR 1.25; 95% CI 0.79 to 1.99; I^2^=88.4%) were analysed.
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Discussion {#s4}
==========

This systematic review and meta-analysis shows that 7 out of 10 frail adults have hypertension, while about 1 out of 7 hypertensive adults present with frailty. In addition, this study shows that the association between frailty and hypertension is uncertain: few longitudinal studies have assessed the impact of hypertension on incident frailty, providing conflicting results. Further, no studies have been performed to examine whether frailty predicts incident hypertension. Finally, the meta-analysis of cross-sectional studies failed to find a significant association between these conditions.

Frailty has become a high-priority theme in cardiovascular medicine due to the ageing and the increasingly complex nature of patients suffering from cardiovascular conditions.[@R5] This is confirmed by the observation that 14% of persons with hypertension are frail. Frailty might indeed influence the therapeutic choices for many cardiovascular diseases. For example, assessment of frailty is considered important for determining which patients are likely to benefit from the treatment of aortic stenosis or left ventricular assist device therapy, in terms of both survival and improved quality of life.[@R49]

Similarly, therapeutic choices in hypertension might be influenced by presence of frailty. First, frail older people are almost always excluded from randomised controlled trials (RCTs) assessing the effects of treatments of cardiovascular diseases, including hypertension. Logistic barriers limiting the retention in the study, the higher propensity to present adverse effects from the treatments and the higher drop out for mortality of frail individuals are the main causes for exclusion from RCTs.[@R51] This limits the generalisability of RCTs\' findings and makes difficult estimating the efficacy and safety of treatments for chronic diseases in persons with frailty. This is extremely important if we consider that according to our results 70% of frail individuals present also with hypertension. In this context, the SPRINT trial showed that intensive control leads to a reduction in cardiovascular events both in frail persons,[@R12] but this trial excludes most complex older adults, such as those presenting with cognitive impairment or psychiatric disorders, and those institutionalised. The lack of evidence regarding the treatment of hypertension in frail older people has been highlighted in the recently issued guidelines for the management of hypertension that recognise the role of BP-lowering therapy as one of the few interventions to reduce mortality risk in frail older individuals, but did not make any specific recommendations regarding treatment of hypertension in frailty individuals.[@R14]

Second, frailty is associated with limited life expectancy; as described by results of the SHARE study, life expectancy for frail individuals at age of 70 years ranges between 0.1 and 1.8 years in men and between 0.4 and 5.5 years in women.[@R52] Therefore, in frail individuals the time-until-benefit of a given treatment might exceed the life expectancy and this might modify the risk--benefit ratio of preventive treatments for chronic diseases, including hypertension, which may require several years before showing a beneficial effect.

Third, frail individuals have an increased risk of iatrogenic illness. Cullian *et al* showed among hospitalised older adults frailty doubles the risk of developing an adverse drug reaction.[@R53] Finally, frailty might be associated with poor medication adherence to antihypertensive medications.[@R54]

These data underline the importance of assessing frailty when treating hypertension and possibly to set individual targets of BP control for persons with frailty. Interestingly, in the SPRINT trial frail participants in the intensive BP control group experienced a significantly lower reduction of SBP compared with non-frail participants (10.8 vs 13.5 mm Hg, p=0.01), underling possible difficulties in lowering BP in frail persons.[@R12]

The meta-analysis of cross-sectional studies did not show any significant association between frailty and hypertension. Chronic diseases, including hypertension, are considered to be major determinants of frailty in theoretical models, and the negative effect of hypertension on cardiovascular outcomes can lead to frailty.[@R55] However, our findings might be explained by the fact that cross-sectional data assess a single time point and are unable to evaluate the role of hypertension at differing stages of the frailty process.

Only four longitudinal studies assessed the impact of hypertension on incident frailty, providing conflicting results. This observation is in line with results of RCTs that were not able to show any impact of treatment of hypertension on onset of frailty.[@R13] A possible explanation for this lack of effect could be that that persons developing frailty might be more likely to be lost to follow-up, and this selective drop out makes it difficult to draw any firm conclusions about the effect of the treatment on these frailty-related outcomes.[@R57]

Strengths and limitations {#s4a}
-------------------------

We performed a comprehensive literature search and a careful study selection and quality assessment, providing a reliable overview of the evidence in the field of hypertension and frailty. In addition, selected studies enrolled mainly community-dwelling samples and this enhances the generalisability of our findings. However, our findings present some limitations. First, we detected a significant heterogeneity among the studies which can be explained by the different definitions of frailty and hypertension and the demographic differences across studies. This heterogeneity is partially buffered by the absence of evident publication bias, and the reliability of our findings is increased by the low-to-moderate risk of methodological bias. Second, the cross-sectional design of 28 out of 32 studies limits the opportunity of assessing a cause--effect association between frailty and hypertension. In addition, the four longitudinal studies retrieved by our literature search provided conflicting evidence on the association between frailty and hypertension. Third, the meta-analyses included only studies that defined frailty based on the CHS criteria. Therefore, we cannot exclude that the described association of frailty with hypertension varies if different criteria for frailty definition are adopted. Finally, most of the studies included in the review were not aimed to assess hypertension and its relationship with frailty. For this reason, hypertension was poorly defined in most studies and this might lead to possible concerns about the methodology used to assess this condition.

Conclusion {#s5}
==========

The present study shows that frailty is common in persons with hypertension. Given the possible influence of frailty on risk--benefit ratio of treatment for hypertension and its high prevalence, it is important to assess the presence of this condition in persons with hypertension. In addition, limited studies assessing the association of these conditions are available. Further research, including a more rigorous and standardised assessment of frailty, and based on longitudinal designs, is needed to untangle the relationship between frailty and hypertension and to allow for the identification of pros and the cons of the pharmacological treatment, and possible targets for therapy in this population, leading ultimately to the development of specific recommendations for the treatment of hypertension in frail people.
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